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ABSTRACT 
In order to solve the increasing greenhouse effect problem, perovskite-type oxides have 
been used to convert CO2 to CO in a reverse water-gas shift chemical looping (RWGS-CL) 
process. Currently, the process is at the micro-reactor scale and used catalyst in powder form. 
However, formed materials are needed if the scale is to be increased.   
Our research focus is on increasing the conversion yield of perovskite oxides with SiO2 
support and scaling up the powder form perovskite-type oxides to pellet by extrusion. The binder 
added during the extrusion process must be removed to avoid affecting the performance of the 
catalyst and to provide porosity, without substantially lowering the mechanical strength.  X-ray 
diffraction was utilized to identify the crystal structure and determine the crystal stability after 
the conversion. Temperature programmed reduction (TPR) and temperature programmed 
oxidation (TPO) experiments were performed to identify the conversion temperature and redox 
properties of the materials.  
The extrusion method used in this research uses only organic binder and water to assisted 
extrusion process, remove binder in the calcination to maintain the activity and conversion 
properties of the catalyst, while the mechanical strength of the pellet meets industrial 
requirements. Compared to pure perovskite-type oxides, sample La0.75Sr0.25FeO3 mixed with 
SiO2 (mass ratio was 50:50) had better conversion performance and stronger mechanical strength 
after extrusion. 
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CHAPTER 1: INTRODUCTION 
Today, more and more researchers are turning their attention to the conversion of carbon 
dioxide (CO2) to carbon monoxide (CO), because this technology can reduce CO2 pollution in 
the current environment and convert greenhouse gas CO2 into available energy CO. It is well 
known that CO2 is an important greenhouse gas that causes the global warming effect. Since the 
beginning of the industrial revolution in the mid-18th century, global CO2 emissions have 
increased significantly. The US Oceanic and Atmospheric Administration (NOAA) has 
published global CO2 concentration data for 2017, pointing out that the global atmospheric CO2 
concentration in 2017 was 405.0±0.1 ppm, a record high in global observation history. The root 
cause of this violent growth is the massive burning of coal, natural gas and oil as energy sources. 
At present, there is no way to limit the use of energy, so carbon dioxide emissions can only be 
reduced by treating the burned exhaust gases. Carbon capture and storage (CCS) refers to a 
technology that collects carbon dioxide from sources such as large power plants, steel plants, and 
chemical plants, and stores them in various ways to avoid their release into the atmosphere. As 
an emerging technology, CCS aims to mitigate carbon dioxide emissions and promote carbon 
neutrality. Although the investment amount is 20 billion US dollars [1], the annual carbon 
dioxide emissions (about 35 GT in 2015) far exceeds the scale of reuse (estimated at about 35 M 
tons in early 2017) [2]. Moreover, CCS can only store carbon dioxide but cannot convert carbon 
dioxide into more valuable products. Therefore, new technology had been developed, to close a 
carbon cycle by converting carbon dioxide into fuel. 
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Currently, there are three main ways to convert carbon dioxide into available fuel. 
Thermochemical conversion produces a high rate of CO production [3-6]. However, high 
temperatures (1400 to 1600° C) lead to energy-intensive processes, while the infrastructure of 
solar concentrators leads to excessive investment [7-9]. The limitation of the 
photoelectrocatalytic system is that the low reaction rate, poor reaction selectivity, and the 
chemical reaction cannot be performed. The range of visible light used is too wide and there is a 
constant need for sustainable power [10-12]. The last one is reverse water gas shift chemical 
looping (RWGS-CL) converts CO2 to CO at low temperatures (450-700 ° C) [13]. The RWGS-
CL process (Figure 1) is a two-step process demonstrated by our group [14]. The first step is to 
partially reduce the perovskite oxide to a form with oxygen vacancies (ABO3-δ) upon exposure  
 
Figure 1. RWGS-CL process 
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to hydrogen. The second step is to convert the CO2 to CO by these oxygen vacancies and reform 
the oxide to its original form (ABO3). The RWGS-CL process has the advantage of 100% 
selective CO production from CO2.  
During RWGS-CL process, hydrogen was used to reduce CO2. And Hydrogen main 
preparation techniques include thermochemical reforming of conventional energy sources, 
electrolysis of water and photolysis of water. The current main hydrogen production method is 
thermochemical preparation, low cost, suitable for large scale, but high dependence on raw 
materials, not environmentally friendly. Although the cost of the technology of electrolysis of 
water is the highest, the technology of electrolyzed water is gradually matured, and the cost of 
manufacturing hydrogen will be decreasing as efficient, inexpensive, and stable catalysts are 
developed [15-17]. The energy conversion rate is as high as 70% or more in the case of applying 
hydraulic, tidal and wind energy. Under the conditions of future integration with renewable 
energy power generation, hydrogen production by water electrolysis will develop into a 
mainstream route for hydrogen sources [18,19].  
Currently, the RWGS-CL process is at the micro-reactor scale and used catalyst in 
powder form. However, in industrial processes, catalysts are rarely utilized in powder form. 
Since the powdery catalyst is easily combined with the water produced in the reaction, and 
formed irregular agglomeration, resulting in inefficient use of the active phase of the catalyst and 
clogging of the pipe to increase the pressure inside the reactor [20]. Industrial catalysts are 
usually constructed as pellets, Raschig rings and other overall changes to achieve enhanced 
surface reactions, minimizing pressure drop [21,22]. Therefore, molding powder catalyst and 
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maintaining its chemical properties is an urgent industrial requirement. Catalysts formation is the 
process of converting a powder into a regular structure. Extrusion and tableting are the two most 
common methods of catalyst formation. This study focuses on extrusion, add binder to adhere 
the particles, placed in a mold for pressure extrusion, control the shape and size by dies.  The 
quality of the particulate catalyst is influenced by the properties of the particles, the effects of 
additives and the rheological behavior of the feed [23]. Controlling the physicochemical 
properties of the catalyst extrudates is important for obtaining effective catalysts [24]. 
From previous research, the authors H.-G.Lintz and S.Zühlke, used pseudoboemite and γ-
A12O3 as lean material and alginate as plasticizer extrudates, added Si (OH)4-sol as binder and a 
acetic acid as peptizer, extruded perovskite LaMnO3 powder [25]. However, the composition of 
perovskite LaMnO3 in the finished pellet is only 10%, and the mechanical strength decreases 
remarkably with the increase of LaMnO3 content. Si (OH)4-Sol covers a certain amount of the 
surface of the catalytically active material, resulting in a decrease in activity. While the addition 
of acetic acid can improve the mechanical properties of the pellet by 3 times, but it has effect on 
the conversion performance. An increase in the types and amounts of additives results in an 
increase in extrusion costs without a corresponding increase in catalyst performance. Therefore, 
this study focused on extruding pellets that do not affect conversion performance and have 
mechanical strength with a small amount of additive. 
In this thesis, La0.75Sr0.25FeO3 was chosen as the perovskite oxide because of its 
stability and excellent CO2 conversion, silica was chosen as the support is due to the significant 
increase in conversion [14]. Our research focus is on identifying the conversion yield of different 
concentration perovskite oxides with SiO2 support and scaling up the powder form perovskite-
type oxides to pellet by extrusion. 
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CHAPTER 2: EXPERIMENTAL METHODS   
2.1 Catalyst Preparation 
La0.75Sr0.25FeO3 (LSF) perovskite oxide was synthesized by using a sol-gel-based Pechini 
method [26]. An aqueous solution was prepared by adding citric acid (CA) (Aldrich > 99.5%) to 
deionized water. La (NO3)3 (Aldrich 99.9%), SrCO3 (Aesar 99.994%) and Fe (NO3)3 (Aldrich 
ACS grade + 98%) were dissolved in CA solution in turn, and then stirred (200 rpm) at 60 °C for 
2 hours. Then ethylene glycol (EG) (Aldrich > 99%) was added and stirred at 90 ° C for 7 hours 
to induce polyesterification. All reagents were measured to ensure that La / Sr / Fe / CA / EG 
molar ratio was 0.75: 0.25: 1.0: 10: 40 [27]. After stirring, the product dark red gel was heated at 
450 ° C (10 ° C / min) for 2 hours. After drying out all the moisture, crashed the residue into 
powder, and further calcined at 950 ° C (10 ° C / min) for 6 hours to obtain crystals of LSF. 
2.2 Adding Silica Support 
The silica support was first calcined at 200 ° C for 2 hours to obtain a pure anhydrous 
powder before mixing the support and the catalyst. The LSF and the support were mixed in 
respective mass ratios, manually ground in a mortar and pestle for about 15 minutes, and then 
heated at 950 ° C for 10 hours. 
2.3 Extrusion Procedure 
The catalyst powder, guar gum and deionized water were mixed at a mass ratio of 
5:0.12:3 [28], and then stirred for 10 minutes to obtain a dark brown gum-like product. The 
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sample was placed in an extrusion die, pushed the push road to increase the pressure in the 
chamber, and the sample was extruded from the die to obtain a cylindrical pellet having a radius 
of 0.75 mm. The pellet was cut into a length of about 10 mm, placed in a furnace and slowly 
dried at 110 ° C for 12 hours, and then heated to 950 ° C for 4 hours to burn the binder. The 
binder impacted the viscosity and adhesion properties of the catalyst [29]. The fine powder 
usually formed particles with the binder, and the pressurization assisted the small particles 
combine and turn to larger particles, so that the extruded pellet obtained better mechanical 
strength [30]. However, too much binder caused the slurry to be too dry to form a shape, and the 
catalyst component in the extruded pellet was not sufficiently dense that the sample was still in 
powder form after burning the binder. 
The effect of binder on the actual extrusion process was studied by adjusting the amount 
of guar gum. Design comparison test to study the effect of binder amount on extrusion.  
Experiment 1, the amount of guar gum was reduced (the ratio was 5:0.06:2). As a result, 
the sample was stuck in the extrusion die, and a small amount of water and colloid were 
extruded. The reason is that less binder resulted the colloid have no good moisture and powder 
adhesion, cannot provide better fluidity to the material, cannot maintain the body of the extruded 
material, and cause the water and glue to be first extruded.  
Experiment 2, the amount of guar gum was increased (the ratio was 5:0.24:6). The 
experimental result was that the sample was free from errors during the extrusion process. After 
calcination, the pellet could not maintain its shape and became powdery again. The reason is that 
excess binder resulted low catalyst content and loose catalyst structure, the particles are formed 
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by the binder. After calcination, the binder is burned off and the particles cannot maintain the 
shape. 
 2.4 Catalyst Characterization 
 2.4.1 X-ray Diffraction 
X-ray diffraction was used to detect fresh and post-experiment samples. The primary 
detection includes changes in the crystal structure or secondary phase with solid-state reaction. 
X-ray powder diffraction (XRD) patterns were collected on a Bruker X-ray diffractometer with 
Cu Ka radiation (λ = 1.54). The 2θ angle is 20 to 100°, the step size is 0.0102°, and the collection 
time per step is 1.2 seconds. The lattice parameters are calculated by solving the least squares of 
2θ using Bragg's law and the plane spacing equation. The crystallite size was calculated by using 
the Scherrer equation with a shape factor of 0.9. 
2.4.2 Temperature Programmed Experiments 
The reduction and oxidizing ability of the perovskite oxide was evaluated by using an 
MKS Cirrus mass spectrometer (MS) to monitor changes in gas flow composition over time. 
Approximately 75 mg of each sample was placed between the glass wool in a quartz U-tube. The 
quartz U-tube as the reactor was then heated to the reaction temperature, the heating rate was 
kept constant at 10 ° C / min. All experiments used He (Airgas, 99.999%) as the carrier gas, 50 
sccm total flow, and the Alicat mass flow controller was used to control the gas flow. The mass-
to-charge ratios (m / z) of signals 2, 18, 28 and 44 were monitored in the MS, corresponding to 
H2, H2O, CO and CO2, respectively. 
For temperature programmed reduction (TPR), the initial flow was adjusted to 10% H2 
and 90% He, once the signal is stable at ambient temperature, raised the temperature to 950 ° C 
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and hold constant until m / z = 18 representing H2O the signal is stable. The formed water is 
quantified and the temperature at which the reaction occurs is detected based on the rate of 
temperature increase. 
For temperature programmed oxidation (TPO-CO2), the sample was heated to 650 ° C for 
25 minutes under air flow conditions of 10% H2 and 90% He. The oxygen-deficient perovskite 
material was naturally cooled to about 120 ° C under He to maintain vacancies. The sample was 
then exposed to 10% CO2 and 90% He and heated to 950 ° C. The amount of CO formed 
represents the CO2 conversion capacity of the reduced material. 
2.4.3 Chemical Looping Cycles Experiments 
Chemical Looping Cycles Experiments quantified the H2O and CO production per cycle 
to determine the reactivity and durability of the catalyst over time. The samples were tested in 5 
consecutive isothermal cycles of reverse water gas shift chemical looping (RWGS-CL). The 10% 
H2 and 90% He gas flows for 25 minutes to carry out the reduction process. The oxidation 
process was carried out by flowing a gas of 10% CO2 and 90% He for 25 minutes. The total flow 
rate was maintained at 50 sccm throughout the experiment and the temperature was maintained 
at 750 °C. 
2.4.4 Drop Test 
The mechanical strength of the extruded catalyst pellet was tested according to the drop 
test. The drop height in this study was chosen to be 0.73 m, and the falling surface was a flat 
metal (copper) plate placed horizontally. The drop height was chosen to be 0.73 m because the 
height of the worker is assumed to be the standard height and the height of the hand from the 
ground is about 0.73 m. A long glass tube was placed on a flat metal plate and samples of the 
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pellet was horizontally dropped from the top of the glass tube. Used a caliper (0.01inch) to 
measure the length of the sample before and after the drop and calculated the change in pellet 
length. 
Due to the high temperature burning of water and binder in the sample preparation 
process, irregular cracks were generated inside the catalyst, which affected the consistency of the 
data. Therefore, using the average of multiple sets of data was a better method to ensure the data 
accuracy. In this experiment, three different pellets were randomly selected for each sample, and 
drop test was performed, calculated results to get the averaged value. In addition, if the dust, 
debris and fine powder on the particles are not completely clean, it will affect the test results 
[31]. 
2.4.5 Fourier Transform Infrared Spectroscopy (FTIR) 
FTIR was a spectroscopic instrument that analyzes the impurity concentration by Fourier 
transform using infrared spectroscopy. Since the sample absorbs infrared light at certain 
frequencies, the intensity of the interference light received by the detector changes, thereby 
obtaining an interference pattern of various samples. In this study, FTIR was used to confirm the 
residual state of the organic binder after the sample was calcined. 
2.4.6 Scanning Electron Microscope (SEM) 
Scanning electron microscope (SEM) is a type of electron microscope that produces 
images of a sample by scanning the surface with a focused beam of electrons. Scanning electron 
microscopy (SEM) was used to test the powder surface images of the samples to compare the 
particle sizes. 
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CHAPTER 3: RESULTS AND DISCUSSION 
3.1 Structural Characterization 
In this experiment, three perovskite oxide samples were compared, which were pure 
La0.75Sr0.25FeO3 (LSF) and mixture of LSF and SiO2 support. The mass ratio of the mixture was 
50-50 and 25-75, respectively. Figure. 2 shows the X-ray diffraction (XRD) pattern of pure LSF 
and related samples. 
The sample indicated the existence of the orthorhombic structure LSF phase (reference 
code 00-035-1480). This crystal system was characterized by no high-order symmetry axis, used 
normal axis of three mutually perpendicular quadratic or symmetry planes as crystal axis. The 
shaft angle α = β = γ = 90° but the axis a ≠ b ≠ c. Therefore, the orthorhombic system had 
stronger heterogeneity.  
Comparing the X-ray diffraction patterns of the relevant samples, it was found that the 
extruded LSF samples showed no significant change in crystal structure. It was confirmed that 
the binder added during the extrusion did not chemically react with the perovskite oxide, the 
applied pressure did not destroy the crystal structure, and the calcination temperature did not 
reach the crystal decomposition temperature. 
A sample with higher stability means that less second phase is formed after the Chemical 
Looping Cycles test. The diffraction pattern of the post-looping LSF after extrusion sample 
showed that no more second phase was produced even after 5 cycles of reduction and oxidation 
reactions, and the LSF crystal structure remained stable. 
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2θ (°) 
Since the XRD experiment only detected changes in crystal structure, and the binder used 
in the experiment was organic, FTIR was used to detect organic residues in the sample.  
As shown in Fig. 3, the curves of the samples before and after extrusion were similar, were 
completely uncorrelated with the curve of the organic binder guar gum. Fourier transform 
Figure 2. X-ray diffraction pattern of pure LSF, LSF after extrusion and post-looping LSF (5 cycles, 
750℃) after extrusion sample 
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infrared spectroscopy (FTIR) confirmed that the sample had no organic residue after calcination 
at 950 °C. 
 
 
The X-ray diffraction (XRD) pattern of LSF and SiO2 support (mass ratio: 50-50) and 
related samples was shown in Fig. 4. The sample mainly consisted of pure phase hexagonal silica 
(reference code 00- 046-1045) and orthorhombic structure LSF. There were second phases 
FeSiO3 and La2SiO5, but by careful examination of the range of 25-40°, it was found that the 
second phase formed in the synthesis is extremely little, so its effect can be neglected in later 
Figure 3. Fourier transform infrared spectrum pattern of samples and organic binder 
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experiments. The LSF+SiO2 interface region of the composite is most susceptible to solid state 
reactions, but FeSiO3 and La2SiO5 exist as traces and do not have any adverse effect on the long-
term stability of the composite. The extruded LSF+SiO2 (50-50) sample showed no significant 
change in crystal structure, which means that the SiO2 crystal used as support was not affected  
 
by the changes during extrusion. The diffraction pattern of the Post-looping sample indicated that 
no more second phases were produced after 5 cycles of reduction and oxidation reactions, and 
the LSF mix with SiO2 crystal structure remained stable. 
Figure 4. X-ray diffraction pattern of LSF mix with SiO2 support (50-50) and related samples 
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The X-ray diffraction (XRD) pattern of LSF and SiO2 support (mass ratio: 25-75) and 
related samples was shown in Fig. 5. The crystal structure of the sample remained stable after 
extrusion and after Chemical Looping Cycles Experiments. 
As shown in Fig. 6, the second phase (FeSiO3 and La2SiO5) existed in the composite, 
and as  
 
Figure 5. X-ray diffraction pattern of LSF mix with SiO2 support (25-75) and related samples 
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the SiO2 increased, the XRD peak of the orthorhombic FeSiO3 (reference code 01-076-0886) 
increased, and the XRD peak of the monoclinic La2SiO5 (Refer code 00-040-0234) increased 
but the increase was smaller than FeSiO3, probably due to the high activation energy of La ion 
migration in perovskite, and the O-Fe-O and O-O distance in the crystal lattice was very short 
[32].  
The LSF crystallite size was calculated by the Scherrer equation. As shown in Table 1, it 
was found that the extrusion process did not affect the crystallinity of the sample, but after the 
cyclic reduction oxidation reaction, the crystallinity of the perovskite oxide increases, which 
means that the small cell aggregated in the sample and became larger，the molecular chains are 
arranged more closely. This was the perovskite sintering phenomenon. The SiO2 as the support 
limits the effect of perovskite sintering in the experiment and improves the stability of the 
perovskite oxide. 
Figure 6. X-ray diffraction pattern of pure LSF, LSF mix with SiO2 (50-50) and LSF mix with 
SiO2 (25-75)  
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Table 1. Crystallite Size of all samples 
Sample Fresh(Å) After extrusion(Å) Post-looping(Å) 
LSF 252.4 252.4 323.0 
LSF+SiO2 (50-50) 288.5 288.5 301.5 
LSF+SiO2 (25-75) 299.1 299.1 297.4 
 
3.2 Conversion Property 
3.2.1 Reduction Temperature 
Temperature programmed reduction (TPR) was used to determine the reduction 
temperature of each sample. The results were shown in Fig. 7. The results showed that all the 
samples showed water peaks in the TPR experiment, which represented that the samples formed 
oxygen vacancies during the reduction process and produced water. However, larger water peak 
was produced after the experimental temperature reached 800 ° C, which means that the sample 
was decomposed by heating to above 800 ° C when exposed to H2. The reduction temperature 
and decomposition temperature of each sample are shown in Table 2. 
Results in Table 2 showed that the extrusion process had little effect on the reduction 
temperature of the LSF sample, but the addition of the SiO2 support increased the reduction 
temperature. The decomposition temperature was not affected by changes in different conditions. 
17 
 
 
 
Figure 7. Temperature programmed reduction data of all the samples 
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Table 2. Reduction and decomposed temperature of all the samples 
 Reduction Temperature (° C) Decomposition Temperature (° 
C) 
LSF 400 790 
LSF After Extrusion 460 790 
LSF+SiO2(50-50) 560 800 
LSF+SiO2(50-50) After 
Extrusion 
550 770 
LSF+SiO2(25-75) 490 790 
LSF+SiO2(25-75) After 
Extrusion 
500 760 
 
 
3.2.2 Oxidation Temperature 
Temperature programmed oxidation (TPO) was used to determine the oxidation 
temperature of each sample. According to the reduction temperature experiment, the reduction 
reaction of all the samples occurred below 600 ° C. In order to make the sample reduction 
sufficiently complete and maintain material intactness, 650 ° C was used as the reduction 
reaction temperature in the TPO-CO 2 experiment. The results were shown in Fig. 8. 
The results showed that all the samples showed CO peak in TPO experiment, which 
represented that the sample formed oxygen vacancies during the reduction process, and then CO 
was formed in the oxidation reaction. The oxidation temperature of each sample was shown in 
Table 3. 
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Results in Table 3 showed that the addition of the SiO2 support also increased the 
oxidation temperature of the sample. 
Figure 8. Temperature programmed oxidation data of all the samples 
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Table 3. Oxidation temperature of all the samples 
 Oxidation Temperature (° C) 
LSF 460 
LSF After Extrusion 475 
LSF+SiO2(50-50) 565 
LSF+SiO2(50-50) After Extrusion 700 
LSF+SiO2(25-75) 600 
LSF+SiO2(25-75) After Extrusion 600 
 
 
 
 
3.2.3 Conversion Yield 
The conversion performance of each sample was compared by calculating the amount of 
CO produced during the oxidation process in the TPO-CO2 experiment. 
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As shown in Fig. 9, the addition of SiO2 support improved the conversion performance of 
LSF, but the increase of the support’s mass ratio had little effect on it. And compare the same 
content sample before and after extrusion, the yield result showed that the extrusion process had 
no effect on the conversion performance. It proved that after burning the organic binder, many 
interspaces and reaction surface areas are created in the pellet, helped maintain conversion 
performance after extrusion. The CO output difference of LSF+SiO2 (25-75) samples before and 
after extrusion was about 200 μmol/g, which was the normal measurement error multiplied by 4 
times (mass ratio of catalyst and support). The data showed that H2O production exceeds CO 
production, which was inconsistent with the theory. The reason was that the surface oxygen of 
the perovskite helped to form a huge H2O during the first reduction, and the kinetic stagnation of 
the carbon dioxide conversion process gradually buildup and replenishment is difficult. The CO2 
adsorption intensity on perovskite oxide increased with the increase of surface oxygen vacancies, 
reflecting the higher possibility of conversion [33]. Therefore, the surface exchange kinetics was 
gradually stagnated by the CO2 conversion to CO gradually refilling the oxygen vacancies. Lead 
to less CO production than H2O. 
Chemical Looping Cycles Experiments quantified the H2O and CO production per cycle 
to determine the reactivity and durability of the catalyst over time. The results were shown as 
Fig. 10 to 12. 
The experimental results also confirmed that the conversion performance of SiO2 to LSF 
is greatly improved, but the increase of SiO2 content has little effect on the conversion 
performance. All samples maintained stable H2O and CO production in 5 cycles. 
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Figure 10. Chemical looping cycles experiment results of LSF after extrusion 
Figure 11. Chemical looping cycles experiment results of LSF+SiO2(50-50) after extrusion 
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3.4 Scanning Electron Microscope (SEM) Images 
The SEM was used to test the particle size of six samples, pure LSF, pure LSF after 
extrusion, LSF+SiO2 (25-75), LSF+SiO2 (25-75) after extrusion, LSF+SiO2 (50-50) and LSF + 
SiO2 (25-75) after extrusion. The SEM results are shown in Figures 13 to 18. 
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Figure 12. Chemical looping cycles experiment results of LSF+SiO2(25-75) after extrusion 
Figure 13. SEM image of pure LSF 
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Figure 14. SEM image of pure LSF after extrusion 
 
 
 
 
 
 
 
Figure 15. SEM image of LSF+SiO2 (25-75) 
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Figure 16. SEM image of LSF+SiO2 (25-75) after extrusion 
Figure 17. SEM image of LSF+SiO2 (50-50)  
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Five areas were tested by SEM for each sample, and the results were obtained by 
measuring and comparing random particles in each region as shown in Table 4.  
Since the extruded sample was subjected to sample preparation before the SEM test and 
crushed into a powder from the pellet, the SEM result did not represent the microscopic 
morphology of the sample after extrusion. However, it can be seen from the SEM image that the 
LSF adheres more closely to the SiO2 crystal in extruded sample. 
 
 
 
Figure 18. SEM image of LSF+SiO2 (50-50) after extrusion 
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Table 4. Particle contrast of LSF and SiO2 
 LSF SiO2 
Particle size 
 (Particle diameter) 
Large: 133~74 microns 
Medium: 71~51 microns 
Small: < 20 microns 
≤ 40 microns 
> 10 microns 
Particle surface rough smooth 
Particle shape irregular sharp 
 
3.4 Mechanical Property 
This paper mainly studied the method of molding the powder catalyst and maintaining its 
conversion performance, and the finished pellet catalyst needed to have certain mechanical 
properties to meet the industrialization demand. Since the binder needed to be burned in the 
preparation method to maintain the conversion performance, the sample after molding did not 
contain any glutinous component, and only depended on the intermolecular force to connect, 
resulting in the sample being fragile and brittle. Use the drop test to measure the mechanical 
property of the samples. As mentioned in the experimental method section, multiple experiments 
on samples, averaged. 
Table 5 showed that the LSF+SiO2(50-50) After Extrusion sample had no loss after test, 
the mechanical property was higher than other samples. The reason is that in the absence of 
binder connection, the particle sizes of LSF and SiO2 crystals are inconsistent. During the 
molding process under pressure, large crystals were aggregated, small crystals were filled in the 
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gaps between large crystals to forming more contact area, then sintered at high temperature to 
form compact integral parts. Tightly aligned structures result in higher mechanical properties. 
However, high proportion of SiO2 powder resulted in loose structure and reduced strength, as the 
result of LSF+SiO2(25-75) After Extrusion sample. 
Table 5. Drop test results 
Sample average result Length before 
drop(mm) 
Length after 
drop(mm) 
Change% 
LSF After Extrusion 
 
4.3 3.0 29.8% 
   
   
LSF+SiO2(50-50) 
After Extrusion 
 
4.7 4.7 0 
   
   
LSF+SiO2(25-75) 
After Extrusion 
 
4.5 1.4 67.7% 
   
   
 
 
 
3.4 Increase in Mechanical Properties with Ratio of Particle Size 
It can be seen from the SEM results that the LSF crystal size is inconsistent and the 
crystal diameter difference is large because the sample is manually crushed before calcined and 
crystallized during the preparation of LSF. The particle size of SiO2 powder is uniform and small 
than LSF particles. Since excessive SiO2 will result in loose structure and decreased strength of 
the sample after extrusion, small LSF particles also have effect on the mechanical properties of 
the extruded pellet. Therefore, this paper investigates the effect of the ratio of powder size 
particles on the mechanical properties of the extruded pellet. 
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The pure LSF, LSF+SiO2 (25-75), LSF+SiO2 (50-50) samples were sieved by using 
sieves of SIEVE NO. 140(106microns)/200(75microns)/325(45microns), and the mass ratios of 
the respective particle sizes were as shown in Table 6. 
Table 6. The mass ratios of the respective particle sizes 
unit(g) LSF wt% 25-75 wt% 50-50 wt% 
Total 0.5021 
 
0.5014 
 
0.5003 
 
>106microns 0.1864 38.86 0.0278 5.89 0.0478 11.66 
>75microns 0.0738 15.38 0.0268  5.66 0.0485 11.83 
>43microns 0.0846 17.64 0.1199 25.37 0.1202 29.32 
<43microns 0.1349 28.12 0.2982 63.08 0.1934 47.18 
 
 
Table 6 shows that during the mixing of LSF crystals with support SiO2, large crystal 
particles break into small crystal particles due to stirring and calcination. The degree of loss is 
approximately 20%.  
LSF+SiO2 (50-50) samples have the strongest mechanical properties after extrusion, so 
according to the ratio of 12%, 12%, 30% and 46% (>106,>75,>45,<45microns), extruded pure 
LSF and the pellets have better mechanical properties than 39%, 15%, 18%, 28% of the extruded 
pure LSF pellet. Since the drop test could not give a specific value, the force (N) used to crush 
the pellet was measured by using Beslands SF-500 Digital Force Gauge Push and Pull Tester, 
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and the results were shown in Table 7. As drop test, in order to get accurate results, the sample is 
tested multiple times and averaged. 
Table 7. The force used to crush the pure LSF pellet and LSF+SiO2 (50-50) pellet 
 Pure LSF 
(12%,12%,30%,46%) 
LSF+SiO2 (50-50) 
1 11.3N 23.1N 
2 7.3N 27.8N 
3 11.4N 17.3N 
Average 10N 22.7N 
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CHAPTER 4: CONCLUSION 
In this paper, the extrusion molding method of powdered catalyst was studied. The 
effects of SiO2 support, crystal particle size and extrusion process on the conversion performance 
and mechanical properties of the catalyst were tested by comparing different proportions of 
perovskite oxide La0.75Sr0.25FeO3 mixed SiO2 support samples. 
The crystal structure was tested by XRD, and it was found that the extrusion process did 
not affect the crystal structure. However, the mixed SiO2 and LSF produced little amount of the 
second phase FeSiO3 and La2SiO5, did not affect the crystal structure of the catalyst. FTIR was 
used to check for organic residues and the results confirmed the absence of organic residues. 
TPR and TPO-CO2 were used to test redox temperature and conversion performance. It was 
found that although the SiO2 support increased the redox temperature which means increasing 
the energy input of the reaction, the conversion performance was greatly improved. The 
extrusion process has no effect on redox temperature and conversion performance. Chemical 
Looping Cycles Experiments were used to test catalyst stability and the results showed that all 
the samples were stable after 5 cycles. 
Drop test was used to test mechanical properties, simulating the industrial application 
environment, prove that the mechanical properties of the sample meet industrial requirement, and 
LSF SiO2 (50-50) sample was advantage on mechanical properties. And with the ratio of 12%, 
12%, 30% and 46% (>106,>75,>45,<45microns), extruded pure LSF and the pellets have better 
mechanical properties than 39%, 15%, 18%, 28% of the extruded pure LSF pellet. 
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In summary, the sample La0.75Sr0.25FeO3 mixed with SiO2 (50:50 by mass) has better 
conversion performance and stronger mechanical strength after extrusion than pure perovskite 
type oxide. 
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